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INTRODUCTION

/f'” The riparian zone aIOﬂg the Colorado River in Grand Canvon /sz,

National Park is of great 11terest to blOlOGlStS, geologlsts,

‘_and resource. managers:y Slnce the completion of Glen Canyon

Dam in 1963 a number of substantial changes in the fluvi
abpMkHi GX;ﬁuu,éC,

characteristics and riparian vegetation have occurred A{loward

and Dolan 1981, Carothers et al. 1976, Turner and Karpiscak

1980). The work of these authors stronagly supports the hypoth-

esis that structure and composition of riparian communities is

closely linked to the £fluvial and geomorphological character-

istics of the Colorado River. The precise nature of this

relationshiaL as not been elucidated. Likewise, the stability

of spec1es:d&;lllna in rlparLan habitats remains poorly under-

stood.

The objectives of this studv are to analvze the changes in

abundance anc distribution of beaver (Castor canadensis) and

covote willow {Salix exigua Nutt.) which have occurred between
1979 and 1983 along fhe upper Colorado River in Grand Canyon.
This reach of river cuts through 12 major geological formations
between Lees Ferry (R.M. O)qand Phantom Ranch (R.M. 87.6).

w
Hence, these datajalso rvermit analysis of the response of two

.\
obligate riparian species to geomorpholoay of the floodplain
and other environmental conditions. Sufficient data of this
sort would permit modelling future vooulation trends of beaver

and coyote willow in relation to environmental verturbations.

The oresent data base is inadequate.
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METHODS AND MATERIALS P ‘,‘0 | e QW(‘%

During April and May of 1979 I censusecd beaver between i~ o

P T"’Ms

Lees Ferry and Diamond Creek (R.M. 225.6). Beaver were cen-

2

sused by counting burrow entrances and food caches from a boat
during a veriod of low releases. Binoculars were used to make
observations. In Februarv 1983 I repeated this census between .

Lees Ferry and Phantom Ranch. Raw data were agrouped into +:k“911
'burrow complexes' occupied by a minimum of one pair of beavef?bz;fp?
The results represent the number of burrow complexes present

in the study area. These groupings reflect the concensus of

the literature on behavior and life history of beavers (Jenkins

and Busher 1979 and references therein). Within a burrow com-

plex and the surrounding territorv (sensy stricto), a monog-

amous adult pair, yearlings and kits comprise an extended

family. Young disverse at approximately 2 vears of age and

breed at three. Breeding occurs in January and February

(Jenkins and Busher 1979, Svendsen 1980). In the western U.S.,

D

average litter size varies from 2.06 to 4.40. Variation in

E
%

average litter size reflects habitat gquality. Generally,
large litters characterize cottonwood and aspen dominated habi-

tats; smaller litters are producec in willow habitats (Huey

T

1956, Rutherford 1964).
During the summer of 1979 I mapped the abundance and dis-
tribution of covote willow between Lees Ferry and Diamond Creek.

Cbservations were made from a boat using binoculars andéd veri-

fied by cround truthinag. The location and extent of each

Eol& <7 de. 4 Y
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willow stand was recorded on a vegetation map of the study

area. In the lab I drew lines perpendicular to the river at
1/10 mile intervals. This permitted calculation of two
measures cf willow abundance and distribution. First, the
number of 1/10 mile sections containing willows (NUMBER OF 9é'
ENCLOSURES) mav be enumerated. I also counted the number of
discrete ceoyote willow stands (NUMBER OF PATCHES). These data
are summarized for 1979 and 1983 in each of 12 major rock
groups between Lees Ferry and Phantom Ranch.

Based on geological observations (LaRue 1925, Hamblin and
Rigby 1968, Howard and Dolan 1981) each rock formation was
classified as to its resistance to erosion (RESISTIVITY). This
provides a basis for natural divisions based on parent mate-
rials (Table 1). All but two of the 12 strata are recognized

{:dw"-u.n{—l_’m
geological formations. The Supai sandstene and Grand Canyon
series are nore finely subdivided by most geologists. Beaver
and coyote willow responded unlformly toliﬁquhe strata of
massive, homogeneous sandstoneAwhlch I refer to as the Suvai.
Although some members of the Grand Canyon series are more
resistant to erosion than others, the reaches of river in which
resistanﬁ?ﬁembers are exposed are an insignificant portion of
the entire group which is easily eroded. No distinguishable
variation occurs in functional response of willow abundance
and distribution in the'reach dominated by the Grand Canyon
series. Finally, the nature of the Muav limestone iﬁ the upper
canyon is different from that downstream from Phantom Ranch

{Howard and Dolan 1981). 1In this paper I classified the Muav

Ll verdiim, s O k) houble NW%W*{ Sulassurs,
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TABLE 1. Major geologic formations encountered on the Colorado
River between Lees Ferrv and Phantom Ranch, Grand
Canyon, Arizona (from Hamblin and Rigby 1968).

RIVER MILE FPORMATION
0 - 1.0 Shinarump
1.0 - 1.7 Kaibab
1.7 - 3.9 Toroweap
3.9 - 5.2 Coconino
5.2 - 11.2 Hermit
11.2 - 22.5 Supail¥*
22.6 - 35.9 Redwall
35.9 - 51.38 Muav*
- 59.0 Bright Angel
Tarveats
63.5 - 77.4 Grand Canyon Series¥*
77.4 - 87.6 Granite/Schist

RESISTIVITY

High

High

High

High

Low

High

High
Intermediate

Low
Intermediate

Low

High

*see text for comments relative to these formations
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as being of intermediate resistivity. Between R.M. 35.9 and
R,M, 51.8 the Muav forms numerous small shelves and is much

less massive than that encountered downstream.

Ry |

JEN

////dfﬁata were analjzed by a series of X2 tests for independ

// end samples (Seigel 1956). ] I tested the hypothesis that

‘ —— —

" reaches of the Colorado River banded bv rocks of three resist-

I
!
\ ivity classes did not differ with respect to distribution oL//b\

! beaver and W1llow /{

P

RESULTS AND DISCUSSION

FLOODPLAIN CHARACTERISTICS

The term 'floodplain' is, strictly speaking, not applic-
able to fluvial deposits along the upper Colorado River as the
floodplain is presently not subject to periodic inundation.
Flows are presently fegulated at Glen Canyon Dam. Nonetheless,
I use the term here to describe Zones 2 - 4 of Carothers et al.
(1976) which are colonized by riparian plants. Prevalent taxa

include four species of baccharis (Baccharis sarothroides Gray,

B. serciloides Grav, B. salicifolia (R. & P.) Pers., and B.

emoryi Gray), arrowweed (Tesseria sericea (Nutt.) Shinners),

tamarix (Tamarix chinensis Lour.), covote willow, and mesquite

(Prosopis glandulosa var. torreyana (Benson) M.C. Johast.).

Prior to the completion of Glen Canyon Dam in 1963, the
major influence on distribution and development of riparian
vegetation was the pattern and volume of mainstream flows.

Since 1963, monthly and seasonal discharge patterns have been




relativelv stable (Figures 2 and 4 in Turner and Karpiscak
1980). Eowever, diurnal variations in discharge have become
more pronounced (Figure 2 in Turner and Xarpiscak 1980). Today,
the major factor influencing riparian vegetation is stream
gradient. Leopold (1969) found that most of the change in
elevation between Lees Ferry (ca. 3100') and Lake Mead (ca.
900') occurs in about 10 vercent of the total distance (280
miles). Generally, the largest drops occur in rapids. Channel
gradient has considerable influence on several factors which
regulate discharge-width, deoth, and velocity of water in a
channel (Hupp, 1982). Ultimately, stream gradient is con-
trolled by the lithology of the strata through which a channel
flows. Structural control of this sort is extremely apparent
in Grand Canyon.

Resistivity of major rock groups between Lees Ferry and
Phantom Ranch (Table 1) do not conform exactly to those pro-
posed by Howard and Dolan (198l1). This is due to an apparent
lack of functional response by beavers azé coyote will%ws to
variations in litholoay. ggg;_channel typefxare present in
Grand Canyon (Howérd and Dolan 1981). Three are found in the
study reach. 1In reaches of the river with high gradient, flood-
plain deﬁbsits are usually lacking and the channel is narrow
(e.g. R.M. 76.5-87.6). Highly resistant rock strata border
the river and form steep cliffs (Figure la). Reaches charac-
terized by an intermediate gradient have a relatively wide

channel ané deposition of fluvial sediments occurs on tribu-

tarv fans and in eddies below the fans (e.g. R.M. 59.0-63.5).
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FIGURE 1.

Diagrammatic cross-section of channels through high resist-
ivity (a) and low resistivity (b) strata on the Colorado
River between Lees Ferry and Phanton Ranch, Grand Canyon
National Park, Arizona.
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Rocks at river level are usually resistant sandstones or lime-
stones which mav form steeo cliffs. Low gradient reaches are
characterized by a widechannel, broad floodplain, and large
deposits of sediments (e.g. R.M. 51.8-59.0). These reaches
are in rock strata which are easily eroded and form a character-

istic channel configuration (Figure 1b).

BEAVER ARBUNDANCE AND DISTRIBUTION

The 1979 census includes the 225.6 miles of river between
Lees Ferry and Diamond Creek. One hundred burrow complexes were
located, of which 70 were between Lees Ferry and Phantom Ranch.
Beavers are not evenly distributed throughout Grand Canyon. 1
tested the associlation between beaver distribution and avail-
able habitat in each category of resistivity between Lees Ferry
and Phantom Ranch. The purpose of the analysis is to assess
the role of resistivity of bedrock in regulation of beaver
distribution. First, I tested the null hyvothesis that there
is no relationship between beaver distribution and available
habitat characterized bv bedrock of low and intermediate resist- .
ivity. The null hypothesis cannot be rejected (Table 2,
X2 = 0.30 with 1 d4f, ©>0.50). This result suggests that beavers
do not dkscriminate between habitats with bedrock of low and
intermediate resistivity. The data from these two habitats
were lumped and compared with beaver distribution on strata

with high resistivity. I tested the null hypothesis that there

is no relationship between beaver distribution and available

habitat characterized by bedrock of low and high resistivity.




TABLE 2. Distribution of beaver (Castor canadensis) burrow
complexes in relation to the resistivity of bedrock
at river level, Grand Canyon National Park, Arizona.
Data were gathered between Lees Ferry and Phantom

Ranch during April 1979.

NUMBER OF BURROW
COMPLEXES 31

NUMBER OF MILES
OF AVAILABLE

RESISTIVITY
-- 0 +
29 10
20.4 40.1

HABITAT 27.1
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The null hypothesis is rejected (Table 2, X2 = 17.92 with
1 df, p<.001). There is a significant association between
habitats characterized by bedrock of low resistivity and beaver
distribution. Thirty one percent of the 87.6 miles from Lees
Ferry to Phantom Ranch are through the least resistant bed-
rock. This 31 percent of the total habitat supports 44 per-
cent of the burrow complexes.

The sites suitable for burrows are limited in Grand Canyon.
Several features characterize all burrow sites; including still
water at the mouth of the burrow and sufficient depths Qf con-
solidated, fine-grained sediments. These sites are concentrated
in reaches of the Colorado flowing through rock formations of
low and intermediate resistivitv, having a low stream gradient

and a wide floodplain. Howard and Dolan (1981) report a com-

plex pattern of variation between bedrock resistivity, valley

width, and other fluvial aptributes of the Colorado River.
Beavers are eithe;Z1ZZ;j::E&gp%éehe&—geemerpho&oqists—cr ex-
tremelv sensitive to a suite of habitat variables like resist-
ance of bedrock, channel width, stream gradient, and composi-
tion of sediment deposits.

Beavers are monogamous, territorial, and relatively long-
lived. fﬁéy exhibit delayed reproduction (Svendsen 1980).
These life historv characteristics, acting in concert with the
physical constraints just discussed, impose an upper limit on
the abundance and distribution of beavers in Grand Canyon.
During the last several'years beavers appear to have become

more abundant in certain tributaries (notably Bright Angel

égiﬁk?{ (Dzua-Ckywuvka
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Creek). Given this observation, it is loagical to nrecict
that beaver abundance in the mainstream has also increased
from 1979 to 1983. Hich discharge hindered censuses in some
reaches during 1983. However, the results (Table 3) show that
beaver aktundance has been remarkablv static since 1979. Two
reaches show slight declines and two show incréases in the
number of burrow complexes. The fifth remained essentially
unchanced. An estimated 47 burrow complexes were nresent in
1979 while 46 were present in 1983 (Table 3).

These results reflect phvsical constraints of the habitat
and peculiarities of beaver biology which place an upper limit
on abundance of these mamrals in Grand Canyon riparian habitats.
Further, the static nature of keaver abundance from 1979 to

1983 indicates that suitable habitat is saturated.

P T,,_____,__ . , Jp— ,_.,_ . . |
o The imolication of these observations is that live capt&gg\\
k \

the malnstream Colorado are of limited value Transolanted
e et e ST ——————

of nuisance beavers on tributaries and subsequent release alonq’/) §

)

individuals mav disrupt social organization at existing burrow S
omplexes or die because suitable burrow sites and/or focd are 5

lacking. It is highly probable that the majority of 'problem'

animals in tributaries are voung animals (ca. 2 years) recently 2

disperses from parental territories. These animals should

weigh between 20 and 27 pouncs. If this is the case, the argqu-

ment that suitable habitats for beaver are at carrving cavacity

is supocrted. If these beavers are to be managed, a more prac-

tical acproach may be a reduction program aimed at destroving

animals in situ or live-trappina and relocation outside the park.

Whaw dod L2t MMa?u-e,:/ Ll LA cone ¥
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TABLE 3. Number of beaver (Castcr canadensis) bkurrow com-
plexes in selected reaches of the Colorado River,
Grand Canyon National Park, 1979 and 1983.

REACE 1979 1983

R.M. 20.0 - R.M. 37.% 5 3
R.M. 37.6 - R.M. 47.3 16 11
R.M. 47.3 - R.M. 58.3 15 14
R.M. 58.3 - R.M. 65.6 6 9
R.M. 71.9 - R.M. 76.5 5 9
TOTAL 47 46

-G MRt S, W
e v e e i




Finally, I note that beavers and their food sources
(cottonwoods, willows, aspens, etc.) have a long evolutionarv
history. Several studies have shown that local extinctions
of food plants may result in local extinctions of beavers

Gese and Shadle 1943, Neff 1959). Cyclical local extinc-
tions mav be important oprocesses in the life history of beavers
anéd cottcnwoods. Cottonwoods alonag Bright Ancgel Creek may, in

the long run, benefit from pericdic irruntions of beaver.

COYOTE WILLOW ABUNDANCE AND DISTRIBUTION

Willows are not evenly distributed throuchout Grand Canyon.
I tested the association between willow distribution and avail-
able habitat of a particular resistivitv between Lees Ferry and
Phantom Ranch. The objective of the analysis is to assess the
role of resistivitv of bedrock in reqgulation of coyote willow
distribution. First, I tested the null hvoothesis that there
is no relationship between coyote willow distribution and habi-
tats characterized by bedrock of low and intermediate resist-
ivity. The null hvpothesis cannot be rejected (Table 4, X2 =
0.02 with 1 &f, ©>0.50). Coyote willows do not show a cdetect-
able fungtional resvonse to colonization of habitats character-
ized by bedrock of low and intermeciate resistivity. The data
from these two habitats were lumped and compared to willow
distribution in habitats characterized by highly resistant
strata. I tested the null byvothesis that there is no rela-
tionsliip between willow distribution and available habitats

characterized by bedrock of low and high resistivity. The
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TABLE 4. Distribution and abundance of coyote willow (Salix
exigua Nutt.) in relation to the resistivity of
bedrock at river level, Grand Canyon National Park,
Arizona. Data were gathered between Lees Ferry and
Phantom Ranch during April 1979.

RESISTIVITY
- 0 +
ENCLOSURES 182 132 57
NUMBER OF MILES
OF AVAILABLE
HABITAT 27.1 20.4 40.1
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null hypothesis is rejected (Table 4, X2 = 39.51 with 1 4df,
p<<.00l). There is a significant association between the habi-
tats characterized by bedrock of low resistivity and coyote
willow distribution. Eighty four percent of the enclosures
occupied by willows are within the least resistant bedrock
which represents only 54 percent of the total avaliable habitat.

Sites suitable for willow colonization are limited in
Grand Canyon. Those with least resistant bedrock, low channel
gradient, a broad channel, and adequate sediments are optimal
habitat of coycte willows on the upper Colorado River. Like
their major predator the beaver, willows show a strong positive
response to this suite of habitat characteristics.

Coyote willow abundance and distribution have changed most
dramatically in those reaches characterized by strata of high
resistivity, a sﬁeep channel gradient, a narrow channel, and
limited fine-grained sediments. This is particularly apparent
between R.M. 1 - R.M. 35.9. This reach is marginal habitat for
coyote willows. These habitats are likely to be more adversely
affected by perturbations than any other. That is, the prob-
ability of eliminating coyote willows by perturbating the
habitat is greatest here. Successional trends in Grand Canyon
riparian €¢ommunities are uncertain. The existing data base 1is
not of appropriate resolution to permit accurate long range

predictions. 1In general, characteristics of Grand Canyon

riparian habitats in 20, 50, or 100 years will be dictated by

management objectives a with respect

to future operating plansbfor Glen Canyon Dam.
/ mmw&%} .V&L'\_.{—ZLW{‘W‘-\)W
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Distribution and abundance of coyote willows has de-
creased slightly from 1979 to 1983 (Table 5). There are 876
one~tenth mile sections between Lees Ferry and Phantom Ranch.
Forty two percent (371) were occupied by willows in 1979. By
1983, only 37 percent (328) were occupied. Total number of
patches declined 35 percent (from 298 to 193) during the same
period but it is difficult to determine how many adjacent
patches grew together and how many were extripated. Both
processes have occurred but it is likely that the former is
more prevalent than the latter, especially within reaches of
low and intermediate resistivity.

The number of enclosures in strata of low resistivity
decreased 12 percent from 1979 to 1983 (Table 4). Likewise
the number of patches in low resistivity strata decreased 27
percent (Table 4). The majority of the decline in both indices
is due to a substantial reduction of coyote willows in the
Hermit shale (Table 5). This is the only low resistivity reach
in which willows have declined. Through the reach where Bright
Angel shale occurs at river level, the number of enclosures
increased slightly (10 percent) but the number of patches de-
creased by 13 percent (Table 5). 1In the reach of river where
the Grand Canyon series is at river level, willow abundance
and distribution has remained essentially unchanged since 1979
(Table 5). The number of enclosures decreased by only 3 per-
cent and the number of patches decreased by 20 percent.

Reaches dominated by strata of intermediate resistivity

showed a 5 percent increase in number of enclosures and a 37
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percent decline in the number of patches (Table 5). The num-
ber of enclosures in the reach where Muav limestone occurs at
river level increased by 14 percent and the number of patches
declined by 41 percent. In the Tapeats sandstone, also of
intermediagé resistivity, the number of enclosures and patches
decreased by 25 percent and 22 percent, respectively.

In the most resistant strata, the number of enclosures
declined by 47 percent and patches decreased by 52 percent
between 1979 and 1983 (Table 5). This habitat had the largest
decrease in abundance and distribution of coyote willows re-
corded during the study. Samples from the Shinarump conglomer-
ate and Kaibab limestone should be treated carefully. Each
formation occurs for a fairly short distance along the river
and the total number of enclosures and patches in these samples
was small in both years. Bearing this in mind, willow abundance
and distribution increased in the Shinarump conglomerate and
decreased in the Kaibab limestone. In the Toroweap limestone,
the number of enclosures declined by 24 percent and papches
decreased by 15 percent. Although the Supai sandstome is at
river level for approximately 11.4 miles, willows were rare in
1979 (2»qnélosures, 3 patches) and absent in 1983. 1In reaches
where Coé%ﬁino sandstone occurs at river level, enclosures
decreased by 72 percent‘and patches declined by 87 percent
between 1979 and 1983. No coyote willows wére present in that
reach of the river where schist occurs at river level during

1319 or'l983 é ( g

Three major patterns of change in willow abundance and
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distribution were apparent - those reaches in which a decrease
in number of enclosures and patches occurred (Kaibab, Toroweap,
Coconino, Hermit, Supai, Redwall, Tapeats), those reaches in
which an increase in number of enciosures and a decrease in
number of patches occurred (Muav, Bright Angel), and those
characterized by increases in enclosures and patches (Shinarump).
A decrease in the number of enclosures and patches suggests a
declining coyote willow population. Reaches meeting these
criteria are, with two exceptions, in the most resistant strata.
These reaches are marginal habitats due to their steep gradient,
narrow channel, and poorly developed sediment deposits. Any
environmental perturbations exacerbating the impact of these
fluvial characteristics will adversely influence willow abund-
ance and distribution in reached dominated by highly resistant
strata. Reasons for the decreases of coyote willows in reaches
dominated by Hermit shale and Tapeats sandstone are unclear at
this time. In the reach of river where the Grand Canyon series
occurs at river level, the decrease in number of enclosures is
inconsequential. Patterns of willow distribution in this reach
are actually more similar to that in the Muav and Bright Angel
where the number of enclosures has increased since 1979 but the
number of patches has decreased. Here willow stands are con-
solidating, characterized by fewer, larger patches in 1983.
Patches which were separated four years ago have, in some in-
stances, grown together. The third pattern observed is found
only in the area near Lees Ferry where the Shinarump conglom-

erate occurs at river level. The number of enclosures and
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patches has increased. Habitats heretofore unoccupied by
coyote willows are being colonized. This pattern is probably
related to the width and gradient of the channel through the
highly resistant Shinarump. The three patterns are not
entirely predictable from a knowledge of the resistivity of a
given stratum. This suggests that factors other than resist-

ivity may also influence local abundance and distribution of

coyote willows. QQQQL/ KZ%KQMA Lé&d? E;LJLNQL CL&{LLLl
ve: Janlf colafs QOM ol s

SUMMARY g vQ,Qszaﬂ b MQ
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Three channel types are present between Lees Ferry and ﬂ
*)Qn”LU l&ﬂ““ék

Phantom Ranch. Channel configuration is regqulated by thewAu e

he A%ﬂ#£1“

most resistant strata comprise 46 percent of the total habitat.

resistivity of rock formations occurring at river level. T

These formations are massive, the river channel is narrow, and
it is characterized by a high gradient. Strata of intermediate
resistivity make up 23 percent of the total habitat between
Lees Ferry and Phantom Ranch. The river channel is relatively
wide and may have considerable gradient. Low resistivity habi-
tats represent 31 percent of the total habitat. The river
channel ié-very broad and gradient is low.

Beavér do nét disc:iminate between habitats of low and
intermediate resistivity. They prefer these habitats to those
with highly resistant rocks at river level. Eighty six percent

of all burrow complexes between Lees Ferry and Phantom Ranch

are in habitats characterized by low and intermediate




e

Casd
bl

|
|

R - \ e -
. B R H
PRI -

s |

21

resistivity. This preference is probably related to the

‘availability of suitable burrow sites and food. However, bur-

row sites may be limited, even in preferred habitats.
Abundance of beavers has not changed substantially from
1979 to 1983. This suggests that physical constraints of the
habitat place an upper limit on the abundance of beavers in
Grand Canyon. One result of this phenomenon has been an in-

crease of so called beaver depredations along tributary streams.

‘Live—capture and removal of beavers to other areas along the

river is not desirable.

wshers:

Coyote willows do not discriminate between habitats of low
and intermediate resistivit%( Reaches characterized by strata

.u.\ih;

of low and intermediate resistivity are the preferred habitats

of coyote willows. This is probably due to the local develop-

ment of extensive fine-grained sediment deposits in these reaches.
Willow abundance and distributioaneclined enty-—stightity

from 1979 to 1983. Willowsgin highly resistivity habitats

deelined. In habitats of low and intermediate resistivity,

willows remained relatively static or expanded slightly.
Present patterns of abundance and distribution of both
these obligate riparian organisms are largely due to physical
constrainés of their habitat. Changes in channel gradient,
width, aepth, water velocity, and discharge will undoubtedly

influence beavers and coyote willows in Grand Canyon National

Park.
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I} TRODUCTION

From 18 June until 1 July 1980, the niver Unit of the

National parx Service, Grand Canyon National Park, conducted

routine patrol of the Colorado River between Lee's Ferry and

Several scientific programs viere car-

a

Diamond Creek, Arizona,

ried out during the patrol; this report describes the results

of two of these, One was an attenpt to quantlfy the drift of

the normally attached macroalga, Cladovhora glomerata, as @&

function of distance down river from Lee's Ferry. The second

y of the composition and abundance of plank-

program was a surve
tonic crustaceans found in the Colorado River and some of 1its
tributary terminal pools.

Because of the preliminary nature of these studies, and

pecause of limitations of equipment and time, the same sanpling

Cladophora and plankton.

gear was used simultaneously to collect

The experience zained from this trip gemonstrated that the tech-

niques were not optimal for either study.

out several scientific problems of relevance, but which could

not be approached at the time. Sampling improvements and sug-

gestions for further work are described in the Appendix.

During the sampling period,

controlled by the discharge from Glen Canyon Danm (Figure 1),

exceptionally variabple and, at times, nigh relative to the

corditions existing over the previous years since the closing

of the dam. Tne results presented below may therefore not

represent the normal situation for Cladoohora transport and

The trip also pointed

the flow of the Colorado River;

¥
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zooplankton presence and abdbuniance,

1METHCDS
Tne primary collecting tool for the studies was a 30 cm
diameter plankton net with a mesh size of 366 pm. This mesh size

collected most of the Cladophora drift and adult and larger juv-

enile stages of corspods and cladocerans; male cyclopoid copepods
were undersampled due to escapement through the mesh, It was
1argé enough to allow passage of most of the suspended sedinment
load, Occaflgonally, a net of the same size but with 212 pm mesh
was used in places where the sediment load was low, DBesldes
adults, this net collected most naupliar and copepodid stages of
the copepods, as well a2s juvenile instars of cladocerans,

A General Oceanics flow meter in the net mouth measured the
volume filtered by each tow. During early tows, river sediment
sometimes jammed the meter, resulting in an underestimate of
volume filtered, On one occalson, the tow speed was below the
threshold speed of the meter; this agaiq resulted in an under-
estimate of volume filtered,

Towé were taken 1) from boats in the mainstream or its
backeddies, 2) from the river bank in the passing mainstream or
backeddies, and 3) by pulling the net by hand through tributary
pools, either from the bank, from bcat, or by walking through the
pools pulling the net. Tows from boats and from the edge of the.
river used & 14 1b depressor to permit fishing the net to near
the bottom of the river,

Two tows were taken at each sampling location in the main-
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stream and sometimes in tridbutary pools. Zach collection was

settled in the plastic jar serving as the cod end. The Cladon:ora

was then removed and weighed in a fine-nmesh bag hunz from a

hard-reld Ohaus spring scale (0-50g, 2g divisions) to an accuracy
of about * 1g,

The water and debris remaining in the cod end was then poured
through a small 212 um mesh concentrating net to collect the
plankton.and free-swimming invertebrate larvae, The invertebratesg
from both tows ware combined and preserved in a single vial with
5% formalin, This technique did not collect all the zooplankton
captured by the net, as the sediments and debris were not washad

rep2atedly before disposal, and the initial removal of Cladophora

could have removed some organisms, Thus the results can only be

considered as semi-quantitative,
The samples of invertebrates were returned to the laboratory
where the separation, identification, and enumeration of crust-

eéceans was nade under a binocular microscope, Identification to

species and sex was made for all adult crustaceans (except

Gammarus lacustris, ostracods, and a cnydorid cladoceran), Ident-

ifications were zade using Pennak (1978) and Ward and Whipple
(1959). The number of €gg-bearing females was noted, as well ag

the number of individuals in poor condition, Poor condition was

d@fined as those individuals parasitized by fungus or protists (?),

or whose carap2ces were characterized oy partial or complete lack

of musculature, internal structures, etc, or were vartially

cemaged cdue to decay (not net damage). Since Daohnia pulex

S

0 suifer n2avy net damazs in all tows, no attempt was

apoeared




nade to categorize 1ts condition,

RESULTS
Table 1 lists the particulars for all net collections

made. The results for the Cladophora sampling are discussed

separately froa those for the crustaceans,

Cladovhora drift

Table 2 presents the quantitative estimates of Cladophora

drift, based on 22 collections from Mile 20 to Mile 223,

Figure 2 presents the same data graphically., The wide scatter,

plus the limitations of the quantitative estimates due to flow

meter problems, make any statistical evaluation of the data

questionable, The trend, however, is for decreasing quantities

with distance down river, The very low values at Mile 73

(22 June) are probably due to the low river flow of 21 June

(Figure 1), which could have reduced the rate of detachment and
/ permitted much of the remaining drift to settle.

Begardless of the presence or absence of quantitative changes,
the numerical deta do notldescribe thes obvious qualitative

changes in the Cladovhora that occurred as distance down river

increased, At Leze's Ferry, the Cladophora drifted down river

in distinct blumps with filaments many centimeters long., By
Diamond Creck, the algee héd been broken down into .small, short-
2d egzrezabes or individual strands less than 1 cm in
length, 2ll disrpsrsed among other components of the detritus.

The difficulty in separating the Cladopnor2 from detritus in the

3




‘downstream rezches of thne river makes thzse gquantitative estimztes

‘too large, i.e., the decline 1in blomess (Fizure 2) probably

would be greater and more apparent had an efficient separation

technique been availabdle,

Crustacean vlankton

Table 3 lists the crustacean species found in the net tows,
Only the truly planktonic forms will be discussed. The other
species are normally inhabitants of littoral vegetation and were
not collected in sufficient numbers or in appropriate places to
say anything about the relationship of their occurrence in the
plankton to their normal ecology,

~ Table 4 is a compilation of all the counts of species abund-

ance, standardized to numbers per 10 m3, Also included are the
data for the numbers of copepods in poor physical condition and
fenales carrying eggs. These data have also been presented graph-
jcally (Figures 3 - 5) to more clearly show the relationship of
abundance of the species (FPigure 3), opercent carrying egzs (Figure
4), and tot2l percent in poor condition (Figure 5), to distance
down river, 1ilo obvious relationship of abundance (Figure 3) to

discharge rate (Figure 1) is evidient, As with the Cladophora

cata, no st%tistioal tests for the significance of the relation-
ships have @éen made,

Not coénted, or shown here, were the considerabdle numbers of
naupliar and copenodid stages of copepods capturad 5y ths 212 pd
net in the mainstream at Miles 24, 64, 2nd in the Kznab Creek

tearainzl pool,

v vy e e gt




4

&)

M

1

SCUSSIOH

Cladorphora Drift

Both trne quantity and quz2lity of tne Cladonhora drift changed

with distance down river, The coarseness of the sampling inter-
vals down the river, tozether with the inherent variability of
the quantity transported, the extreme fluctuations in river flow,
and the limitations of ths sampling method, make it impossible to
say whether or not the changes observed represent a continuous

gradient, If discontinuities could be shown to occur, this would

suggest the importance of looking for localized sources and sinks

of the drift, soms or all of which could have biological causes,

Czarnecki et al (1976) list Cladovhora as the dominant psriphnytic

alga (excludingz diatoms) at the confluence of 12 tributaries from
the Paria River to Diamond Creek. These are certainly not the only
sources, Clearly, however, the principal source region, in a
general sense during this study, was the upper rsaches of the
river,

The pattern of both the quantity and quality of the Cladophora

would be inmportant factors in its significance as a food source
for invertebratss and fishes, as well 2s its role in nutrient
cycling througn direct organic or remineralization links as a
result of mgChanical breakdown,

Rough célculations can be made pointing to the importance of

Clzadovornora as a rood source or nutrient sink, Assuming that the

river transports a mean wet weight of Cladovhora of 1.5 g/m3

e DI

(from Table 1) and a river flow of i0,000 cfs, about 1500 kg/nr

of algze are carriad downstream from some undefined source regions.
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For steady state conditions, this qpuld equal the production rate

at the sources, The abnormzlly hizh cdiscrarge rates which ware

occurring before and during the sanplinzg p2riod could make this an

overesstimate due to the possibility ofr excessively high rates

of loss caussd by the high flow,

If one assuzmes that a regression lirs can be drawn through

the data of Figure 2 and that it reasonably represents the loss

of Cladovhora as it drifts downriver, an estimate of loss can

be made. Assuming 2,0 g/m3 at Lee's PFerry and 0.5 g/m3 at Qrﬁ)ﬂ.\i

Diamond Creek, 1.5 v/m

this again amounts to 1500 kg/hr,. Thus approximately 36 metric

tons a day of Cladophora appear to be lost through actual (grazing

mechanical and tiological degradation) and/or apparent (lack of

capture by the net) causes,

Zooplankton

The only study that reports on planktonic crustaceans of

the Colorado River within the Grand Canyen is that of Cole and

Kubly (1976). Their Table 27 lists Davhnia sp., Bosmina

longirostris, Diavtomus pallidus,

Cycloos bicusvidatus thomasi,

and Mesocvelops edax for the mainstrean Colorado

and Acantho-
cvclons vern&lis, found only at Elva! s Chasm, Since they do

not say how cr when (seasonally) the saaples were collected, or

in what abundance, it is not possible to make any comments other
than to notz the two cyclopoid species cau

(Table 3).

gnt in both studies

i
i

BN R
is somehow lost in tran31t Coincidentally,
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The obvious source of the planktonic crustaceans found in the
river is Lake Powell, The Lake's suspected large resident pop-
ulations could supply both the spacies 2nd numbers of individuals
observed. Howaver, I have not seen the only study of Lake Powell
zooplankton known to me (Stone and RBathbun 1968, 1969) and no
comparisons can be made here,

It is possible that the Glen Canyon Dam penstock discharge

contributes little or no plankton to the river, since the water

came from an average depth of about meters during the sampling
—

period.and the plankton would probably occur in abundance much
above this depth. The spillway discharge during the period came
1

from a surface layer an average of meters deep, This flow

=ay have contributed much or all of the plankton. Plankton

would have ccntinued to be preéent during the periods of no
spillway discarge (Figure 1) due to losses from backeddies which
rad received plankton from the previous spillway releases, Since
there is usually no spillway discharge, it is likely the high
abundances obszrved in the river are exceptional,

An im

4o

ortant question, howevér, is how to explain the
continued presence of abundant plankton throughout the 225 miles
of river to Diamond Creek. One would intuitively expect a sharp
decrease with distance due to the turbidity and great turbulence
In fact, from evidence in the literature (reviewed by Hynes 1970)

~

vect the populations to be reduced to negligible -

1

one migh

ct
W
s

nuabers after only @ few 10's of kilometars. Pernzps the flow
rate vas hizh enough, relative to leoss rates, to sxplain the

presence, It is clear, however, that successful reproduction,

1y
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or at least hatching and growth, occurs for the length of the
river sampled, This could have supplied at least some of the
nunbers captured. The evidence for this 1s the presence of ezgg-
bvearing females, of nauplii and copepodicés in some of the 212 pm
net sampleskfroa the river and trivbutary terminal pools, end of
fully developed spermatophores ready for extrusion in healthy
Diaptomus males (only one female was found with spsrmatophore
attached)., No comparison can be made between the parcentages of
egg-carrying females in the mainstream and backeddies because
sampling was not done in both environments at the same river mile.
/At Kanab Creek, hational Beach, and Mile 220, samples were taren
'in both the mainstream and the tributary pools (an isolated back-
eddy pool at Mile 220). At these locations, the agreement between
mzinstream and pool percentages is striking (boxed in points in
. Figure 4). This agreement suggests that the exchange rate
between terminal pools and the mainstream is high and the popul-
ations sampled are essentially the same, Thus these areas
probably do not represent significant sources for plankton in
the river, at lezst during the time of sampling,

Otner evidence supporting Lake Powell as the only important
source of river plankton during the sampling period is the cond-
ition of thé orzanisms captured (Figure 5). The percentage 14 por
increzsed significaﬁtly ﬁith distance down river for mainstreamn,
vackeddy and terminal pool samples, As with egg carrying females,
terminal pcol ozrcentazes were about the same as in the main-

am, inficating the plankton in both places experienced the

same conditions and are thus not sepirate populations,

i C 2 o et i C e
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of the Littfﬁ%Colorado water may not allo

The changs in the condition of the plankton is probadbly a

result of several coacting causes: machanical damage due to

extreme turbulsnce in Dassage through the dam and many sub-

sequent rapids; lack of food (no gut content studies have been

done); or sinply an increase in water temzerature, Thnis latter

factor would especially encourage the growth of the fungal and

protist parasites., Not shown in Figure &, or Table 4, is the

fact that these parasites were not seen until Kanab Creek (Mile

144); their numbers then increased to Diamond Creek, becoming the

cominant rsason for consicering individuzls in poor condition,

If the healthy juveniles ang reproductively-capable adults

present at Mile 220 survive the remaining distance to Lake llead,

then the Lake Powell plankton T2y make a cdirect contribution to

the composition of Lake Meag Plankton, .

In addition to the qQuestion of their role in contributing to

the mainstrean plankton, the terminal pools present several other

interesting prodlems. The Little Colorado pool{s) appear to

be a unique environment, Not only were only three individuals

of one cycloooid species (Eucvelops soeratus; only one other

indivicdual was caught, in the Kanab Crask terminal pool) captured

there, but also very few insect larvae were present. Two factors

may accountgggr this devauperate fauna. OCne, the unique chemistry

W survival of most

invertebrates (parhaps %=, speratus is more tolerant than the
L e—

-

other dlankton). Secondly, the terminz tars, with rapnid, shallow

outflow, nay preclude a significant introiuction of plankton from

the Colorado River., Cole and Kubly (1978) 2l1so noted the Little
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Colorado as being impoverished in both species and numbers of
invertebrates. Tney attributed this to psriodic flooding and
to the high caelcium carbonzate precipitation present,.

The paucity of invertebrates in the Little Coloradc terainal
pools suggests that the humpdback chub living there might have to
forage at the boundary region between the Little Colorado and
mainstream Colorado waters in order to find sufficient animal
food,

In the National Canyon and Kanazb Creek terminal pools, the
Daphnia populations were much reduced (factors of 4 to 20) over
those occurring in the adjacent mainstream. Those that did occur
in the pools were all small individuels. A possible explanation
for this observation would be predation due to fish (feeding
selectively on larger individuals) and/or to other invertebrate
carnivores, No crustaceans were found in the stomachs of four
small speckled cace from Kanab Creek, Several cyclopoids were
captured and preserved with partially consumed Daphnia in their
feeding appendagss (other samples had cyclopoids consuming

cyclopoids).

N

Several cother incidental observations from the samples are:

1) Dizotomus ashlzndi individuals from Kaznab Creek and below ware

slightly to distinctly orange, while all those from above Kanzab
Creek were a translucent white; 2) benthic ostracods (unidentified
and uncounted) ware collected in two sanples; and 3) Gammarus
lacustris w=s rezularly caught in the plankton but in very low

numbers,

All the abov= data, observations, and inferences are based
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on the results of one set of samples taxen during a unique flow
regime of the Colorado River. They may ra2present e&n anomalous

situation; only further szmpling can resolve the question of the

generality of the results,
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Approx. Net | | Maz :
Date Time Tow | tesh @ Viall Tow Boar (B) : »;prjrox. Est. X
1980 | (Local)| 5 | size | # | Depun or Location per | Ruver Remarks
V(_x;) (;) Shore (S) Miles Flow
. 1000 cfs
19 0900 | 283f 212 | 12| 1 s Above 20.2 | 24 In Shallow Mainstreas
North Canyon
19 1300 3a k4 11 2 B Shinumo Wash 29.5 b4 In eddy fence
20 1510 546 4 1 B Nankoweap 53.2 30e In broad back eddy
21 j230 7 212 3 1/2 s In Little 61.4 --- Repeated hand tows frea
Colorado River edge of terminal pool
21 1300 8 212 Surf. S Exit channel off 61.4 ——— At color break
I1.C.R. inzo C.R rapid ocutflow
21 1700 3 212 10 1/2 S 1 mile below 64.0 ? In back eddy
Hopi Salt Caves
.22 1700 1051 s 4 B Unkar Caump 72.5% 8 In mainstrean
3 1200 12 212 6 |Surf, S In Bright 87.6 _——— Nonquantitative
Angel Creek
23 1500 {13¢&14 8 3 B Granite Rapids 93.3 ? Edge of Mainstreaz
24 14007 15 13 1172 S 114 mile beach | 114 30+ Nonquantitative
26 1300 |17 418 14 iSurf. S Karad Creek 143.6 30+ In mainstreaa bypass chanrel
26 1415 19 §20 15 Surf. S Xanab Creek 143.6 30+ In mainstrean bypass chanzel
26 1500 21 212 17 l1-1/2 S Kanab Cresk -— -— In Kanab Cresk teroinal pool
26 1515 22 212 18 1 S Kanab Creek - - In Kanab Creek terzinal pcol
26 1615 23 212 19 Surf. S Kanab Creek -—- ——— In rapid flow of Xanad Creek
into terminal pool
5
7 1230 04 £25 21 2 ) Havasu Creek 156.7 -——- Vertical tows in terzinal pool
28 0745 D5 627 22 {172 N Upper National 166.4 30+ In edge of mainstrean
Beach
28 G830 28 23 !Surf. S Upper National 166.4 - In backwater pool at
- Beach Creek mouth
o) 1200 129830 24 Surf. S 1 nile above 197 30+ In rainstream running
. Parashont Canyoh through tazarisks
30 1500 {282 24a {Surf. s 219 nmile 219 32 Edge of mainstream running
through tamarisks arnd
over gravel
30 1600 30a ‘25 1 S Upper 220 oile | 220 32 In backwater pool
camp
1 July 0800 31 26 |Surf. 3 Mainstream 221 30+ Middle of river through
eddies and rapids
1 0815 32 27 {Surf. B Mainstrean 223 30+ Midile of river thrzugh
- eddies and rapids
1 0915 33 28 [Surf S Dianond Creek 2285 --- In rupid flow of creek.
Neagquantitative,
4.




Table 2
I ] Colorado River: Lee's Ferry to Diamond Creek
I Guantitative estimate of Cladophora drift
Flow m T wet veizht River
l Tow # Counts* | filtered jweight (g)| ~ m° Mile Remarks
959 1.83 5.5 3.0 20
I 1680 3.18 3.5 1.1 20
3a 1590 3.01 4.5 1.5 30
4 854
' (3100) 5.86 12.5 2.1 30 Flow meter jammed (est
5 2760 5.22 7.0 1.3 53
l 6 1720
(3400) 6.43 5.0 0.8 53 Flow meter jammed (est
| 9 1560 2.95 5.5 1.9 I 212um mesh net; over—
| l estimate, slow current
10 1940 3.67 1.0 0.3 73 Tow river flowmgK cfs
l 11 1870 3.53 1.5 0.4 73 " " n "
13 1800 3.40 10.0 2.9 93 Overestimate, sticky
i flownmeter
§ I 14 1030 1.95 8.5 Ll 93 nom o wm
i 17 3952 747 8.5 1.1 144,
| l 18 3325 6.28 8.0 1.3 144,
19 1575 2.98 L5 1.5 144
I 20 2500 L.73 7.5 1.6 144,
26 1134 2.14 9.0 L.2 166
I 27 1852 3.58 8.5 2.4 166
29 3225 6.09 2.5 0.4 197 Much detritus
l 30 3275 6.19 3.5 0.6 197 " "
29a 5350 11.06 5.0 0.5 219 " "
31 1735 3.28 3.5 1.1 221 " n and sedim
I 32 1940 3.67 2.0 0.5 223 " " " "
l * Calibration factor .00189 m3/count
I 1 366ua m=zh net
i
1
s
1




Taeble 3, Crustzcean spa2cies collected in net tows in thre

Color=z=do River mainstream and tributary pools,

Copepoda
Calanoida
Diaptonus clavives Schacht
Diaptonus ashlandi' HMarsh
Cyclopoida
Cyvclons blcuspidatus thomasi** Forbes
Eucyclops speratus’ (Lilljeborg)
Mesocvclops edax¥*#* (Forbes)
Cladocera

Daovnnia pulex Leydig

Levdigia auadrangularis* (Leydig)

Alona affinis* (Leydig)

Unidentified chydorid
Amphipoda

Gammarus lacustris® Sarsg

%

* Norm2lly benthic or in littoral vegetation; not reported
on here. = :

##* Reported for Colorado River by Cole and Kudbly (1976).

+ Not reported in Lake ilead by Faulson et al (1980).
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CLADOPHORA

Equipnment:
1) Net of about 1 to 2 mm mesh to reduce clogging
problems,
2) Two flow meters, preferrably of different types
to insure volume filterad is measured.

Techniques:
1) Replicate samples (2-3 minimum) at each station,
2) A measure of quality, both physical (size?) and
chemical (nutrient content, degradation products?).

PLANKTON

Zquipment:
1) Twc-flow meters, as with Cladoohora,
2) TFine mesh net (180 pm or less) for smallest
stages (usable only in low sediment waters).

Techniques:
1) Heplicate samples.
2) lore nidstream szmples, if possible above and
below rapids (deep holes).

3) Samples from the Glen Canyon Dam discharge,

FURTHZR RESEARCH

CrADOPHORA

Attempt at a Cladophora "budget".

m

) HMeasure guantity and quality of drift better.

) Sources: benthic sampling, along mainstream and
in confluence with tfibutaries; relative import-
ence of each,

3) Sinks

N O

a) Where Joes breakup occur; vegetation, rapids, etc?

b) What is residence time in backeddies?
¢) RQuantify loss to hangup in vegetation during
nigh water,

3 S a0 e




d) Animal consumption: amphipods, trout,etc,
e) Useabllity as function of form,

L) Recycling through degradation and consumption
back to nutrient pools,

Z00PTANKTON

Study of Lake Powell plankton, both for its own interest
and as source of the Colorado plankton,

lg Seasonality

2 Depth distribution

Time seriles over a year of mainstrean and tributary
plankton (guzrterly or more orten).
1) To see if the results reported here are abnormal,.

2) Are there endemics in tributary pools--implies
successful reproduction.

3) Quantify mortality and identify its sources down
river,
4) Relationship of zooplankton to larval fish,

Short-term time series (several times a day for week or more),.
1) Quantify variability in mainstream to relate to

the Glen Canyon Dan discharee,

2) Establish exchange rates (water, sediment, plankton)
b=tween mainstream and tributary pools, backeddies
and flushing rates for tributary pools,

3} Evidence of reproductive success in tributary pools.

"Ladb" tyres experiments done in the field.

1) Survival of mainstream plankton in Little Colorado
vater,

2) ILarval and juvenile fish feeding on zooplankton,

- . - N
"






